

































#$ +% )(!%'( ('+ ,
-!














 ' (' &' %)'*'9
























 !#$%&'#("!' !$	)&	) ##!)& 

 &
 % * "(&& &

 ? ' /)&' @($  A'%'$ )&(B$) 9 %'(











@+ %'E$  +F*&%''+ )















1&( $* )@%')I'+$) ''$)
































































































































  !K<>/)9 ) 






































































































































































9' +)') )$) )$'' 
Ω 
FFM = 22.66827 + 0.00132 (HGT) –










































































Dimension 1 5 10 25 50 75 90 95 99 
Age (years) 25.5 27.2 28.1 34.1 43.2 50.2 53.1 55.9 59.1 
Height (cm) 161.4 165.2 167.5 172.0 176.1 180.5 184.7 186.7 190.4 
Body mass (kg) 55.0 69.0 71.0 75.5 82.5 93.5 100.0 102.5 118.0 
BMI (kg/m2) 18.5 22.4 23.0 24.7 26.7 29.4 31.0 32.2 38.7 
Body fat percentage (%) 14.0 17.1 19.8 23.4 26.1 29.2 32.0 33.7 39.4 
Flamingo balance (n) 30 21 19 16 13 10 8 6 3 
Plate tapping (sec) 13.8 12.6 12.4 11.4 10.3 9.9 8.9 8.7 8.2 
Sit-and-reach (cm) 5 10 14 18 26 30 33 37 42 
Standing broad jump (cm) 150 170 183 198 211 224 241 255 284 
Handgrip L (kg) 40 46 48 50 54 60 65 67 70 
Handgrip R (kg) 42 45 48 52 58 62 66 70 76 
Sit-ups (n) 4 14 16 20 23 26 30 31 34 
Bent-arm hang (sec) 0.0 2.3 6.8 12.6 22.6 32.4 42.7 58.0 81.7 
Shuttle run (sec) 28.7 24.9 24.1 22.9 21.8 21.0 20.3 19.5 17.1 
Endurance shuttle run (min) 0.5 1.5 2.0 3.0 5.0 7.0 8.5 9.5 10.5 
 
    Mean SD Min Max  
Age (years)  42.0 9.1 25.5 59.1  
Height (cm)  176.0 6.1 161.4 190.4  
Body mass (kg)  83.9 11.2 55.0 118.0  
BMI (kg/m²)  27.1 3.3 18.5 38.6  
Body fat percentage (%)  26.0 4.9 14.0 39.4  
Fat-free mass (kg)  61.7 6.2 47.2 78.3  
Fat mass (kg)  22.2 6.6 7.8 46.6  
Flamingo balance (n)  13.1 4.7 3 30  
Plate tapping (sec)  10.6 1.2 8.2 13.8  
Sit-and-reach (cm)  24.4 7.9 5 42  
Standing broad jump (cm)  211.4 23.8 150 284  
Handgrip L (kg)  55.3 6.5 40 70  
Handgrip R (kg)  57.1 7.2 42 76  
Sit-ups (n)  22.5 5.6 4 34  
Bent-arm hang (sec)  24.1 15.6 0 81.7  
Shuttle run 50 (sec)  22.0 1.8 17.1 28.7  






















Age (years) 40.2±9.7 41.0±9.5 43.2±8.8 46.3±6.1 
Height (cm) 177.6±4.8 175.4±7.4 175.4±5.9 174.6±5.3 
Body mass (kg) 82.1±8.4 84.3±13.1 87.2±11.9 79.7±9.0 
BMI (kg/m²) 26.0±2.7 27.4±3.6 28.3±3.6 26.1±1.9 
Body fat percentage (%) 24.3±4.5 25.9±5.1 27.5±5.2 27.2±3.2 
Flamingo balance (n) 12.5±3.9 13.3±5.6 13.0±4.4 14.1±5.3 
Plate tapping (sec) 10.7±1.2 10.4±1.3 10.8±1.3 10.2±0.7 
Sit-and-reach (cm) 25.6±8.7 22.7±7.5 24.1±8.0 26.5±6.5 
Standing broad jump (cm) 218.2±20.4 209.6±28.3 207.9±23.8 207.3±17.9 
Handgrip L (kg) 55.7±5.9 56.3±7.0 54.7±7.2 53.7±5.2 
Handgrip R (kg) 57.7±6.2 57.6±7.5 57.9±8.4 52.7±4.5 
Sit-ups (n) 24.7±3.9 22.0±5.1 19.9±7.3 24.1±3.7 
Bent-arm hang (sec) 29.6±14.5 23.5±17.2 20.5±15.6 20.2±11.5 
Shuttle run 50 (sec) 21.8±1.4 22.3±1.8 22.0±2.0 21.8±2.1 

















Body mass 0.17 
Flamingo balance 0.36** 
Plate tapping 0.24* 
Sit-and-reach -0.22* 
Standing broad jump -0.55** 
Handgrip L -0.07 
Handgrip R -0.04 
Sit-ups -0.49** 
Bent-arm hang -0.40** 
Shuttle run 50 0.39** 
Endurance shuttle run -0.47** 
* p < 0.05
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 T1 T2 t r 
Height (cm) 175.8±6.1 175.7±6.1  -0.08 0.99** 
Body mass (kg) 83.0±10.3 83.6±10.6  0.9 0.97** 
BMI (kg/m²) 27.0±3.1 27.1±3.2  0.3 0.96** 
Body fat percentage (%) 25.5±4.4 26.2±4.4  0.7 0.95** 
Fat-free mass (kg) 61.3±5.9 61.4±6.1  0.1 0.97** 
Fat mass (kg) 21.4±5.8 22.2±5.9  0.1 0.96** 
Flamingo balance (n) 12.8±4.8 12.2±4.8  -0.6 0.55** 
Plate tapping (sec) 10.6±1.2 10.5±1.6  -0.1 0.48** 
Sit-and-reach (cm) 25.4±7.7 25.9±8.0  0.7 0.92** 
Standing broad jump (cm) 211.7±23.6 209±26.6  -2.6 0.89** 
Handgrip L (kg) 55.5±6.5 57.4±7.3  1.9 0.82** 
Handgrip R (kg) 57.1±7.1 60.4±7.7  3.25 0.81** 
Sit-ups (n) 22.6±5.2 24.7±5.9  2.1 0.80** 
Bent-arm hang (sec) 25.3±15.7 24.3±15.3  -1.0 0.84** 
Shuttle run 50 (sec) 21.9±1.7 21.1±1.6  -0.8 0.71** 


















 Group 1 (n=26) Group 2 (n=28) t 
Age (years) 41.0±8.7 42.4±8.4 0.6 
Height (cm) 176.1±6.1 176.1±6.5 0.03 
Body mass (kg) 84.1±9.1 83.8±10.5 0.08 
BMI (kg/m²) 27.1±2.9 27.1±3.1 0.1 
Body fat percentage (%) 26.7±4.0 26.4±3.9 0.3 
Fat-free mass (kg) 61.5±6.3 61.5±6.1 0.01 
Fat mass (kg) 22.6±4.8 22.4±5.4 0.1 
Plate tapping (sec) 10.5±1.3 10.7±2.2 0.3 
Sit-and-reach (cm) 25.2±7.5 27.2±7.7 1.0 
Standing broad jump (cm) 209.6±22.6 205.1±29.7 0.6 
Handgrip L (kg) 58.7±7.0 56.9±7.2 0.9 
Handgrip R (kg) 60.2±7.1 60.3±8.7 0.02 
Sit-ups (n) 25.0±5.5 24.2±5.5 0.5 
Bent-arm hang (sec) 20.0±14.2 24.7±15.7 1.2 
Shuttle run 50 (sec) 21.3±1.4 21.3±2.1 0.04 






























































































































Davis et al (1982) 100 US 33.1±7.6 176.7±5.4 83.4±10.9 26.9 21.1±6.7 
O'Connel et al (1986) 17 US 32.3±6.7 182.1±5.1 82.0±8.2 24.8 15.3±3.0a 
Ben-Ezra and Verstaete (1988) 38 US 35.1±1.6 176.9±1.0 81.9±1.6 26.2  
Schonfeld et al (1990) 20 US 38.6±2.5 175.7±1.1 75.4±1.9 24.3 22.4±0.9 
Gledhill & Jamnik (1992b) 53 Canada 30.4±3.5 179.3±6.3 81.6±12.3 25.4±2.29  
Stevenson et al (1992) 65 Canada 24.1 176.8±6.3 77.0±11.2 24.63  
Smith & Petruzzello (1998) 10 US 34.4±5.0 178.6±6.5 83.3±8.0 26.0 25.1±5.4
b 
17.7±5.5a 
Williford et al (1999) 91 US 31.7±7.4 177.3±6.4 84.0±10.9 26.8 13.8±4.3a 
Kales et al (1999) 329 US 39±6.9   29.0±4.0  
Williams et al (1999) 47 UK 19.3±3.21 175.3±6.0 71±9.63 23.1 10.9±3.6 
Malley et al (1999) 40 US 43±8  80±10  24±5 
Peterson et al (2000) 17 Canada 27.7±8.1 179.1±7.0 78.7±10.8 24.5  

































































et al (1982) 
Misner 
et al (1989) 
Schonfeld 





et al (1992) 
Williford 
et al (1999) 
This study 
Sample (n) 100  20 53 65 91 95 
Flamingo balance (n)       13.1±4.7 
Plate tapping (sec)       10.6±1.2 
Sit-and-reach (cm) 23.7±9.1d  27.0±2.0e 39±7.4c  32.0±8.6 24.4±7.9 
Standing broad jump (cm) 192.9±25.58 205.4     211.4±23.8 
Handgrip L (kg)  51.8     55.3±6.3 
Handgrip R (kg)  55.7 51.5±1.2    57.1±7.2 
Total handgrip (kg)     100.4±16 116.8±17.7 112.4 
Sit-ups (n) 36.9±11.7b  55.8±5.4b 41.8±9.2a 36.5±9.3a 39.9±7.8a 22.5±5.6 
Bent-arm hang (sec)  49.5     24.1±15.6 
Shuttle run 50 (sec)       22.0±1.8 
Endurance shuttle run (min)       5.0±2.4 
 












































































































































































 N Country    
Davis et al (1982) 100 US 3.28 39.6 Åstrand en Rodahl 
Puterbaugh & Lawyer (1983) 27 US 3.61±1.10  Bruce and Hornsten 
O’Connel et al (1986) 17 US 3.97±0.58   
Adams et al (1986) 350 US  42.3±4.6 Bruce protocol 




Progressive test treadmill 
Progressive test step 
Schonfeld et al (1990) 20 US  48.5±2.1 Bruce protocol 
Gledhill & Jamnik (1992a)  51 Canada 3.97±0.46 48.7±7.0  Open circuit with Douglas sac 
Donovan & McConnell (1999) 8 UK 4.52±0.13   
Williams et al (1999) 51 UK 3.39±0.61 48.4±6.28 Estimated based on 20m  shuttle runa 
Peterson et al (2000) 17 Canada  51.8±6.1  Bicycle ergometer test 
Sothman et al (1990) 136 US  34.72±5.48 Submaximal test op treadmill 
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